Some older adults who are cognitively healthy have been found to make poor decisions. The vulnerability of such older adults has been postulated to be the result of disproportionate aging of the frontal lobes that contributes to a decline in executive functioning abilities among some older adults. The purpose of this study was to investigate whether decision-making performance in older adults can be enhanced by a psychoeducational intervention. Twenty cognitively and emotionally intact persons aged 65 years and older were recruited and randomized into two conditions: psychoeducational condition [Problem-Solving Therapy for Primary Care (PST-PC)] and no-treatment Control group. Participants in the psychoeducational condition each received four 45-min sessions of PST-PC across a 2-week period. The Iowa Gambling Task (IGT) was administered as the outcome measure to the treatment group, while participants in the Control group completed the IGT without intervention. A significant interaction effect was observed between group status and the trajectory of score differences across trials on the IGT. Particularly, as the task progressed to the last 20% of trials, participants in the PST-PC group significantly outperformed participants in the Control group in terms of making more advantageous decisions. These findings demonstrated that a four-session problem-solving therapy can reinforce aspects of executive functioning (that may have declined as a part of healthy aging), thereby enhancing complex decision-making in healthy older adults.
INTRODUCTION
The ability of older adults to make sound decisions regarding retirement, allocation of resources, living arrangements, health insurance, and medical procedures has a profound effect on the wellbeing of the individual as well as society, cumulatively. Even older adults who are cognitively healthy, without a neurodegenerative disease or mild cognitive impairment, have been found to make poor decisions (Denburg et al., 2007) . Specifically, some older adults fail to make advantageous decisions and become susceptible to scams, make poor financial decisions, or experience abuse of trust and get taken advantage of by others. These forms of financial exploitation have been reported to increase dramatically among older adults (Lichtenberg et al., 2015) .
The weaknesses in decision-making capacity among older adults have been postulated to be triggered by a distinct neurological change: disproportionate age-related decline of the frontal lobes of the brain (West, 1996) . In particular, the frontal lobe hypothesis of cognitive aging posits that cognitive abilities dependent on the frontal regions of the brain would experience a disproportionate age-related decline, whereas other functioning independent of the frontal lobes will remain relatively intact (West, 1996) . This theory has gained support from multiple neuroscience disciplines, including neuropsychology, neuroanatomy, and functional neuroimaging (see review by, Reuter-Lorenz et al., 2016) . The reasons why some older adults are vulnerable and susceptible to making poor decisions have been examined thoroughly through neurobiological and behavioral mechanisms, and research on applied contexts has been important to understanding day-today decisions (Hess et al., 2015) . Much of the current research on aging and decision making in applied domains has focused on the implication of decisions in various contexts such as medical decision-making (Leventhal et al., 2015) , health-related decisions (Liu et al., 2015) , and consumer decision-making (Carpenter and Yoon, 2015) . Yet, research efforts examining interventions to enhance older adults decision-making abilities are lacking.
Deficits in decision-making may be a function of weaknesses in executive functioning. Specifically, executive functions involve abilities such as planning, organization, goal setting, initiation, and utilization of feedback and attention shifting -all essential skills necessary in the process of decision-making. A review of the treatment modalities revealed that Problem-Solving Therapy for Primary Care (PST-PC; Hegel and Arean, 2003) is one treatment modality to have demonstrated efficacy in managing such executive dysfunction (Alexopoulous et al., 2003) .
Problem-Solving Therapy for Primary Care was developed as an efficient modality to treat patients in busy primary care settings over the course of 4-8 sessions. It has been found that as few as three sessions of PST-PC could be beneficial (MynorsWallis et al., 2000; Hegel et al., 2004; Arean et al., 2008) . Trained specialists can deliver PST-PC after undergoing a brief training module (Hegel et al., 2004; Arean et al., 2008) . Furthermore, PST-PC has been demonstrated to be as effective when implemented by nurses and primary care physicians as compared to implementation by mental health professionals (MynorsWallis et al., 2000; Unutzer et al., 2002) . When comparing PST-PC with antidepressants among depressed patients, PST-PC has been shown to be just as efficacious in improving psychological symptoms and social functioning (Mynors-Wallis et al., 1995) . Furthermore, the effectiveness of PST-PC has been evaluated in several randomized-controlled trials to treat various psychological problems including depression, anxiety, and insomnia (Dowrick et al., 2000; Mynors-Wallis et al., 2000) .
Problem-Solving Therapy for Primary Care has been demonstrated as an efficacious intervention to improve mood and cognitive functioning in elderly depressed patients (Alexopoulous et al., 2003; Arean et al., 2008 Arean et al., , 2010 . When compared with other treatment modalities such as cognitivebehavioral therapy and psychodynamic approaches, depressed older adults who were treated with PST-PC reported fewer depressive symptoms and improved functioning at 12 months and up to 24 months follow-up (Arean et al., 2008) . Elderly depressed patients receiving PST-PC treatments have exhibited reduction of symptoms, endorsed higher response rate to treatment, and greater remission rate when compared with those receiving a person-centered psychotherapy treatment approach (Arean et al., 2010) . Among depressed elderly patients with impairments in aspects of executive functioning, those receiving PST-PC treatments (versus supportive counseling) demonstrated greater improvement in generating alternative solutions and decision-making skills, in addition to reduced depressive symptoms and improved functioning (Alexopoulous et al., 2003) .
The purpose of this study was to investigate whether decisionmaking performance among healthy community-dwelling older adults can be improved by a brief four-session (approximately 2 weeks) problem-solving therapy modality. To our knowledge, this is one of the first studies to introduce a psychosocial intervention to enhance complex decision-making among healthy community-dwelling older adults in an outpatient context. PST-PC was specifically chosen due to its: 1) efficacy among older adults; 2) efficient protocol that can be delivered in four sessions (or in our case, about 2 weeks); and 3) effectiveness when implemented by trained individuals not in the field of mental health (Arean, 2009) . Morever, the cognitive changes associated with aging have demonstrated age-related effects in prefrontal brain structures contributing to weaknesses in aspects of executive functioning (e.g., planning, initiation, decisionmaking, and problem-solving), and thus the utilization of PST-PC as a possible compensatory strategy to address these deficits can be a valuable form of intervention. It was hypothesized that decision-making performance among healthy communitydwelling older adults would improve for those in the PST-PC condition when compared to participants in the no-treatment Control condition.
MATERIALS AND METHODS

Participants
Participants were included in the study if they were heathy, community-dwelling, aged 65 years and older, and cognitively and emotionally intact, and were excluded from the study if they had any major underlying medical conditions (e.g., cancer, cardiovascular disease, and movement disorder). Participants were recruited from a pool of participants involved in an ongoing project investigating the neural correlates of decisionmaking. These participants were evaluated extensively, with both clinical interview and comprehensive neuropsychological assessment, and thus were deemed cognitively and emotionally intact (after Tranel et al., 1997) . Participants completed an informed consent process approved by an Institutional Review Board, and were financially compensated for their involvement. Twenty participants were randomly assigned to two groups: psychoeducational condition (PST-PC) and notreatment Control group. The PST-PC group (n = 10) had a mean age of 80.5 years [standard deviation (SD) = 3.5] and 50% males. The Control group (n = 10) had a mean age of 80.0 years (SD = 4.3) and 50% males.
Procedures
All participants completed a 2-h comprehensive battery of neuropsychological tests to assess a broad range of cognitive abilities. A research assistant with training in neuropsychological assessment administered the test battery under the supervision of a neuropsychologist (NLD). Ten domains were assessed with the following administered instruments: general mental status (Folstein Mini-Mental State Examination; Folstein et al., 1975) Benton and Hamsher, 1989) ; learning and memory [Rey Auditory Verbal Learning Test (Rey, 1941) and Rey-Osterrieth Complex Figure Test (Rey, 1964) ]; visuoperception (Benton Facial Discrimination Test; Benton et al., 1994) ; mental flexibility and set-shifting (Trail Making Test Part B; Spreen and Strauss, 1998) ; and mood (Beck Depression Inventory-II; Beck et al., 1996) .
Participants randomized into the psychoeducational condition each completed four 45-min sessions of the PST-PC protocol during a 2-week period. A doctoral candidate in psychology (CMN) with training in cognitive-behavioral therapy delivered the PST-PC sessions following a manualized protocol to all participants under the supervision of a licensed clinical psychologist (NLD). Through a seven-step model of PST-PC (Hegel and Arean, 2003) , participants identified problems to be solved; discussed and evaluated different resolutions to reach desired goals; created action plans to accomplish determined goals; and evaluated their effectiveness in resolving designated problems. In the first session, the structure of the treatment process was outlined, and the seven stages of the problem-solving process were thoroughly discussed. In the second session, the participant selected one problem from the list generated in the first session to be resolved. The seven stages of PST-PC were integrated during the process of identifying the problem to be resolved and formation of the action plan. During the third session, participants evaluated the outcomes of their action plans. This session consisted of a discussion on how well they have integrated the seven stages of PST-PC toward the resolution of a designated problem to be resolved. If a participant successfully resolved the problem, a new problem was selected, and the process was discussed in the last session. If a participant was not successful in resolving a designated problem, the next session was used to further discuss progress or setbacks. The final session was used to review the participants' progress and reinforce continued efforts in resolution of future problems (Hegel and Arean, 2003) .
All but one participant completed the PST-PC protocol at our clinic. For this one individual, the sessions were completed at their home due to limited mobility secondary to a recent orthopedic surgery. There was a 3-to 4-day interval between each of the four sessions. Participants were scheduled to complete the outcome measure within 3 days of completing the final PST-PC session. The participants from the Control group were recruited and scheduled to complete the outcome measure.
Manipulation Check
A manipulation check was applied to confirm that the seven stages of the PST-PC protocol was successfully implemented. At baseline and post-PST-PC sessions, participants were asked to respond to one open-ended essay-format question, as follows: "Please describe the process of problem-solving in detail, including all steps and the criteria for successfully completing each one." All essays were scored using criteria designated in the 20-item Problem-Solving Treatment Knowledge Assessment (PST-KA; Cartreine et al., 2012) , based on how well each essay discussed the stages of Problem-Solving Treatment (e.g., Identifying the Problem, Setting a Goal, Brainstorming Solutions, Selecting Solutions for Implementation, and Action Planning). Each item on the PST-KA was rated on a six-point scale (0-5; very poor to very good). The possible range of scores was 0-100, with higher scores indicating greater baseline knowledge/knowledge obtained (hereafter refered to as closure knowledge). Two research assistants who were blind to the time point of the completed essays completed the ratings. An average score was calculated across scores from the research assistants.
Decision-Making Outcome Measure
The Iowa Gambling Task (IGT; Bechara, 2007 ) is a measure of complex decision-making under ambiguity that features realworld aspects of reward, punishment, and unpredictability. The IGT is a computer-administered test comprised of 100 card selections from four decks of cards. On each trial, choosing a card gives an immediate monetary reward. At random points, the selection of some cards results in losing a sum of money. Two decks of cards are predetermined to offer a lower immediate gain and even lower long-term loss, yielding an overall net gain of money (i.e., referred to as "the good decks"). Alternatively, the other two decks are predetermined to offer a higher immediate gain but even higher long-term loss, yielding an overall net loss of money (i.e., referred to as "the bad decks"). Participants are not informed of the number of trials or the gain/loss patterns.
Performance on the IGT is often quantified by dividing the 100 trials into five distinct blocks of 20 trials each to examine participant's learning curve (Bechara, 2007) . A score for each block is calculated by subtracting the number of selection from the good decks from the number of selections from the bad decks, while a total score for the IGT is calculated by subtracting the total number of selections from the bad decks from the total number of selections from the good deck. A positive total score indicates advantageous decision-making, whereas a negative total score indicates disadvantageous decision-making (Bechara, 2007) .
Statistical Analysis
Preliminary analysis examined the data for the presence of outliers. Independent samples t-tests were employed to examine differences between the participant groups on demographic variables, cognitive performance, and mood. Next, a pairedsamples t-test was conducted to examine whether a mean difference existed in baseline and/or closure knowledge after four sessions of PST-PC. Finally, to explore the effects of PST-PC on the decision-making outcome measure, a 2x5 repeated measures analysis of variance (ANOVA) using group status (PST-PC versus Control) as the between-subjects factor and trial block (1-5) as the within-subjects factor was employed to evaluate performance on the IGT outcome measure by trial block.
RESULTS
The two participant groups did not significantly differ in terms of education, general mental status, estimated premorbid IQ, verbal and non-verbal intellectual functioning, attention and working memory, processing speed, language, learning and memory, visuoperception, mental flexibility and set-shifting, and mood. Demographic and cognitive characteristics are presented in Table 1 . A paired-samples t-test comparing preand post-intervention PST-KA scores of participants from the PST-PC group revealed a significant difference in the baseline knowledge assessment scores (M = 22.0; SD = 13.3) as compared to the closure knowledge scores (M = 38.8, SD = 19.6); t(9) = −2.3, p = 0.047. This implied that the seven stages of the PST-PC protocol was successfully implemented. A repeated measures ANOVA revealed a non-significant main effect for group on IGT scores, F(4,15) = 2.04, p = 0.097. Although there were no significant group differences with the overall IGT index, descriptive statistics revealed that four (of 10) participants in the Control group achieved an overall index in IGT scores that were below zero (range: −16 to −44), as compared to none from the PST group. Of note, IGT scores that were significantly below zero have been classified as an "Impaired" performance in past studies (Denburg et al., 2005) . A significant interaction effect was indicated between group status and the trajectory of score differences across the five trial blocks on the IGT, F(4,15) = 3.24, p = 0.017, which is indicative that group status had different effects on participant's learning curve on the IGT trials, as presented in Figure 1 . To explore this interaction, contrasts were performed for individual trial blocks, revealing a statistically significant difference between the two groups in advantages versus disadvantageous selections on the last block of the IGT, t(18) = −3.02, p = 0.007, d = 1.35, 95% CI [−22, −4] . Particularly, as the task progressed to the end, participants in the PST-PC group significantly outperformed participants in the Control group in terms of making more advantageous decisions in the last 20% of trials (or card selections 81-100).
DISCUSSION
The purpose of this study was to investigate whether decisionmaking performance among healthy community-dwelling older adults could be improved as a result of a well-validated psychoeducational intervention. Twenty participants were recruited and randomized into two conditions: PST-PC and a no-treatment Control group. The theoretical framework of this study is based on a body of literature suggesting that a disproportionate deterioration of the frontal lobes during aging contributes to a decline in executive functioning abilities among some older adults (West, 1996) . Previous work from our laboratory have supported this "frontal lobe hypothesis, " revealing that seemingly healthy older adults often make disadvantageous decisions (Denburg et al., 2005 (Denburg et al., , 2006 (Denburg et al., , 2007 . Specifically, we have found that some older adults may experience a greater decline in non-memory-related cognitive functioning, such as problem-solving and mental flexibility, contributing to weaknesses in their decision-making abilities (Denburg and Hedgcock, 2015) . The findings from the current study demonstrated that a four-session (approximately 2 weeks) problem-solving therapy can reinforce aspects of executive functioning (that may have declined as a part of healthy aging), thereby enhancing decision-making abilities.
With regard to decision-making outcomes, the proportion of our participants with "impaired" and "unimpaired" performance on the IGT from the Control group is comparable to findings from previous studies using this classification. Specifically, Denburg et al. (2005 Denburg et al. ( , 2006 defined "impaired" performance on the IGT as being significantly worse than performance at chance . A significant interaction effect was indicated between group status and the trajectory of score differences across the five trial blocks on the IGT, revealing a statistically significant difference between the two groups in advantageous versus disadvantageous selections on the last block of the IGT, or during the last 20% of selections.
level, and found that approximately 25-35% of their older adult sample performed in the "impaired" range. Additionally, this finding is consistent with another study suggesting that a subset of older adults make less advantageous decisions when compared to younger adults (Fein et al., 2007) . Interestingly, earlier findings by Bechara et al. (1997) have indicated that by the 80th card selection (out of 100), normal healthy young adults would reach a "conceptual period" during which they exhibited knowledge regarding optimal choices based on prior feedback and typically avoid the disadvantage selections. Notably, as the task progressed to the latter 20% of the task, participants in the PST-PC group significantly outperformed participants in the Control group in terms of making more advantageous decisions. Group differences emerged as the IGT progressed such that those in the PST-PC group learned to adapt to feedback that led to making more advantageous decisions. Alternatively, participants without the benefit of the PST-PC psychoeducation treatment (i.e., the Control group) shifted between decks and were inefficient in developing a strategy over time which may have contributed to the overall less advantageous choices than participants in the PST-PC group.
It has been postulated that individuals exhibiting difficulty in developing an advantageous and stable strategy over time on the IGT is likely to be related to weaknesses in aspects of executive functioning (Okdie et al., 2016) . Furthermore, an inflexibility in responding to negative feedback after a disadvantageous decision has been postulated to be related to poor executive functioning, which results in an individual being less likely to adapt to the feedback to choose more advantageous options (Zamarian et al., 2008) . The findings from this study suggests that PST-PC may be effective in generating an efficient learning process that contributes to advantageous decision-making outcomes.
The components taught during the various PST-PC sessions provide an opportunity for the individual to broadly strengthen executive skills referenced by Lezak et al. (2012) , such as emotional regulation, behavioral initiation, planning, organization, cognitive flexibility, and problem-solving. A person with weaknesses in executive dysfunction can be overwhelmed with complex tasks and situations, which can be remediated during the initial stages of PST-PC through a structured approach to problem solving (e.g., breaking down complex problems into small and manageable parts). Cognitive flexibility is facilitated during the brainstorming stages of PST-PC, where individuals are encouraged to generate multiple solutions toward a satisfactory resolution of a problem. Aspects of executive functioning such as planning and organization are facilitated during the middle phases of PST-PC, where individuals evaluate and compare solutions generated during the brainstorming step to determine the best selection to be implemented. Behavioral initiation is fostered through the development of an action plan during the later steps of PST-PC. Overall, the process of implementing the stages of PST-PC requires abstract problem-solving with inductive reasoning and flexible adjustment of responses based on feedback, and may have contributed to improved decision-making outcomes.
A psychoeducational approach such as PST-PC can contribute to increased self-efficacy among older adults and improve decision-making abilities. To illustrate, it has been suggested that interventions can be more efficacious when integrating older adults' strengths, such as their life experiences, to increase selfefficacy (e.g., positivity, confidence, and motivation) . Furthermore, to improve their sense of selfefficacy, individuals must be engaged in an activation process that facilitates the examination of his/her knowledge, skills, and confidence with respect to the relevant topic requiring a decision to be made, and then formulating a concrete action plan to be implemented (Hibbard and Mahoney, 2010) . The latter stages of PST-PC evoked this process, when participants were asked to evaluate and compare solutions generated through brainstorming, and to determine the best selection to be implemented as an action plan. Furthermore, solicited feedback from the participants revealed that the psychoeducational component of PST-PC provided during the initial sessions solidified and enhanced preexisting knowledge and approaches to problem-solving (i.e., promoting self-efficacy from life experiences), in addition to providing a structured approach to facilitate a more efficient process for resolving practical everyday challenges. This is one of the first studies to adapt PST-PC for use as an intervention to enhance decision-making in healthy community-dwelling older adults. By contrast, much of the extant literature in facilitation of advantageous decision-making outcomes relies extensively on the use of decision aids, or interventions designed to assist in the deliberation between treatment options by provided content-related information (e.g., health-related information when choosing between medical treatment options) (Stacey et al., 2014) . While these decision aids have been found to be effective in increasing knowledge and risk perception as well as contributing to a more wellinformed decision-making process, few studies have explicitly examined its effectiveness among older adults (van Weert et al., 2016) . Incidentally, a majority of participants in this study readily identified a common health-related theme (e.g., weight loss, managing high cholesterol, improving sleep hygiene, and managing chronic pain) when asked to identify a problem to be applied during the PST-PC protocol. Perhaps this is suggestive that PST-PC can be utilize as a modality to facilitate more active participation (as compared to decision aids) among older adults in enhancing aspects of complex decision-making processes in the healthcare arena.
This study is not without its limitations. Participants in our study were highly educated (e.g., 70% with 16 years of education and above) for an older adult sample and performed in the high average range on measures of general intellectual functioning. By contrast, the 2015 Census data reported that only 27% of the population 65 years of age and older had earned a bachelor's degree or more (He et al., 2005) . Finally, the present study had a relatively small sample size and was homogenous in terms of race (i.e., all participants were non-Hispanic, white). These issues may limit the generalizability of our findings. Another limitation of the study is the utilization of a single laboratory measure of decision making. While the IGT has been a well-validated measure to detect decision-making deficits (Bechara, 2007) , decision-making is complex and multifaceted, and undoubtedly difficult to measure fully with any laboratory task. Future studies should validate the efficacy of PST-PC in enhancing decisionmaking outcomes among older adults in other applied tasks such as the Multiple Errands test or the Financial Decision-Making test (Shivapour et al., 2012) .
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